We (Glasgow group) are involved in EIC
* But not yet in any specific detector project

Pixelated 300 um thick Si
detector chip (256 x 256
pixels, 55 pm pitch)

Low Q? tagger at CLAS12, Jlab
* Development, construction, slow controls
e Data analysis in progress

Read-out ASIC
M chip TimePix

Detector blas
voltage (~1 00V)

Current projects with timepix3
* Polarimeter for linearly polarised photons
* RFPMT for picosecond timing

UK Infrastructures bid for EIC
* Glasgow component - to investigate timepix detectors for potential
use at EIC

Could timepix4 have a role at EIC?




Double sided silicon strip detector (1992 — my PhD)
15x15mm, 48 x 48 strips = 96 channels

~1us shaping time.

State-of-the-art in 1992

Pixelated 300 pm thick Si
detector chip (256 x 256
pixels, 55 pm pitch)

g Read-out ASIC

1 &__ chip TimePix
BN

Detectorbias
voltage (~100V)

timepix3 (2018)

14x14mm, 256 x 256 pixels = 65536 channels
F~10ns shaping time.

State-of-the-art today.



General Requirements

Pixel size

55 pm x 55 pm

Pixel matrix array

256 x 256

Target floorplan

3 sides buttable and minimum periphery

Highly Configurable

HEP platform for many projects

Time stamp and TOT recorded simultaneously

YES

Analog Power Pulsing

YES

No event counting mode

Only for testing

Technology

IBM 130nm DM 4-1

Power consumption

<1.5W/cm? (~45 pW/pixel) @1.5 V

TSVs possibility YES
Chip Readout Modes

Data-driven readout (token pass) YES

Zero-suppressed and Sparse data readout YES

Dead time free

YES (if count rate < 40Mhits/s/cm?)

Time Stamp (ToA)

Global Time stamp (bunchiD)

40 MHz (25ns)

Global Time stamp range

14bits (409.6 ps)

Accurate Time stamp per pixel

4bits —> 1.56ns resolution (640 MHz)

Local Oscillator frequency

640 MHz

On-Superpixel local oscillator tuning

Locked using periphery PLL

Charge measurem

ent (ToT)

TOT Clock reference

40 MHz (25ns)

TOT range

10 bits

Periphery

Analog Blocks

Band-Gap, DACs and Test Pulse

E-fuses (chip ID, hard-wire configuration)

YES

Programmable PLL

40 - 40, 80, 160, 320, 640 MHz

Periphery/output clock

40, 80, 160, 320 MHz

RO architecture

[1 ... 8] SLVS DDR
8b/10b Encoding

From timepix3 manual
L2/3/2014 CERN, Xavier Llopart, Tuomas Poikela

Ken Livingston, Daresbury. Nov 2018
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Time stamp and TOT recorded simultaneously
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Analog Power Pulsing
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No event counting mode

Only for testing

Technology
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Power consumption

<1.5W/cm? (~45 pW/pixel) @1.5 V
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Chip Readout Modes

Data-driven readout (token pass)
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€ 4bits > 1.56ns gsolution (640 MHz)
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On-Superpixel local oscillator tuning

Locked using periphery PLL

Charge measurement (ToT)

TOT Clock reference

40 MHz (25ns)

TOT range

10 bits

Periphery

Analog Blocks

Band-Gap, DACs and Test Pulse

E-fuses (chip ID, hard-wire configuration)

YES

Programmable PLL

40 - 40, 80, 160, 320, 640 MHz

Periphery/output clock

40, 80, 160, 320 MHz
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Pixelated 300 pm thick Si
detectorchip (256 x 256
pixels, 55 um pitch)

N\ \c Read-out ASIC

Detectorbias
voltage (~100V) k

chip TimePix

Ideal features for spectrometer
focal plane type applications..
High rate capability

Excellent position resolution.
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Pixelated 300 pm thick Si
detectorchip (256 x 256
pixels, 55 um pitch)

Read-out ASIC |}
chip TimePix

Detectorbias
voltage (~100V)

Ideal features for spectrometer
focal plane type applications.
High rate capability,

Excellent position resolution.

High rate (application dependent)
Needs to be handled onboard.

Frame based (as opposed to event)
So - not really dead time free.

Heat. Needs to be cooled.
Small and Expensive. No tracking barrels



A pair polarimeter (in progress now)
In vacuum. Close to beam. Low event rate (kHz/cm”2).
Prototype is shown, with only 1 timepix3 in either side (off the shelf, ADVADAQ).
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A Focal plane microscope for a spectrometer.
Not in vacuum. High event rate (MHz/cm”2).

Primary Beam

Momentum resolution and rate capability are
limited by segmentation.

Tagging

Spectrometer

Focal Plane Detector

ADVADAQ

MAMI-C Beam
Eg=1558 MeV

ADVADAQ ADVADAQ

- monen
Y e O ) I

+ polarimeter



14mm)

Pixel 0-255 (

RFPMT — for ps timing of single photons.

Times converted into positions with RF deflector.
Timepix3 high vacuum endcap development — Glasgow + Daresbury.
Simulation and tracking analysis well developed.
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External NIM
trigger |

Cold
finger

ol

Mains power supply for
DAQ that is converted
to all required voltages

Fibre to
PC
Fibre to WR time

source
VWITTLE TaDDTL

FMC |

10G Ethernet
FMC T T

One DAQ system shown which interfaces to 4 TimePix IC. Intended that up to 4 DAQ
systems connected to PC

voltage
regulators

Flexi-ridged PCB
carrier for 4 TimePix
and connector

Clock and sync outputs ’\,

Vacuum transition PCB ‘

TimePix power supply,

/ detector supply and
FMC transition board

Qs

=== | Parallel asynchronous
' | trigger bus to and from

and memory

the shelt dev board
with FMC, Xilinx
Ultrascale (+) FPGA

Currently in development
between Glasgow and UKRI,

Daresbury Group.



mechanical assembly of 4x4 timepix3_asic_pchb asic and flange pcbs
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Timepix3 vs Timepix4
Timepix4: A 4-side tillable large single threshold particle detector chip
with improved energy and time resolution and with high-rate imaging

xa

Timepix3 (2013) Timepix4 (2019)

Technology 130nm - 8 metal 65nm - 10 metal
Pixel Size 55 x 55 um 55 x 55 um
. 3-side buttable 4-side buttable
Pixel arrangement 256 x 256 512 x 448 3.5x
Sensitive area 1.98 cm? 6.94 cm?

Mode TOT and TOA

Event . . -
. |Data driven | Packet ?S'b't i 33%
L |(Tracking) |Maxrate [ 0.43x10° hits/mm?/s 3.58x10° hits/mm?/s_ )
2 .
s MENCEDS 1.3 KHz/pixel 10.8 KHz/pixel 8X
- rate L y
S > 0
g : Mode PC (10(*1":_)b"’i'tr;d e CRW: PC (8 or 16-blH)x

rame . ¢
& |pased Frame Zero-s;:iggr;aedif)ed (With | Full Frame (without pixel adg5x
(Imaging) Max count . .

rate ~0.82 x 102 hits/mm?/s ~5 x 10° hits/mm?/s8x
TOT energy resolution < 2KeV < 1Kev
Time resolution 1.56ns ~200ps
Readout bandwidth S5.126b|\(/|8b):)SS)LVS@64O 51%3134222;%?36)( |

Xavier.llopart@cern.

ch Medipix Symposium, Sept 2019


mailto:Xavier.llopart@cern.ch

Glasgow have proposed investigating

Rate capability

Data processing and reduction / triggering

Timing and Energy resolution

Radiation hardness

Performance in a B field (eg 3T).

Implementation in vacuum

Cooling

Development of small timepix3 based prototype to take to beam tests

MAPS vs. timepix Depends on the application
Maps advantages compared to timepix
can be large area small pixel

cheaper than hybrid pixel detector less scatter for MIPS

Maps disadvantages compared to timepix

slow’ integration of charge (for some apps could be + or -)
no timing info can’'t stop X-rays as epi layer is ~20 um.



Glasgow group mainly involved with experiments at JLAB

Main Physics interests lie with exclusive processes
- DVCS and DVMP for nucleon structure and imaging
- Low Q2 meson production for
- Baryon spectroscopy at low W
- Meson spectroscopy at high W

This mainly requires small t- production => proton along beam at EIC

Far Forward Ion and Low Q2 tagging critical for these experiments

14



Pixelated 300 um thick Si
detector chip (256 x 256

pixels, 55 um pitch)

Timepix3 — some very useful features
* Already used in Glasgow projects

Timepix4 — coming soon
* 4-side buttable, bigger, better

W\ o Read-outASIC
\ chip TimePix

voltage (~100V) \ ‘\‘\\ —
- -

UK Infrastructures bid for EIC
* Glasgow component - to investigate timepix detectors for potential
use at EIC

Could timepix4 have a role at EIC?

Glasgow Participants

Daria Sokhan Leader of Glasgow EIC activities.

Derek Glazier Simulation and analysis tools

Ken Livingston Detector development, applications of Timepix3 and readout development.

Simon Gardner Detector development, simulation, analysis - Timepix3 polarimeter 15

Dima Manueski  Timepix / Medipix expert
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Example ep - ep 1T

Take virtual photon flux for e-
scattering
Take t-slope = 4 GeV for meson
production

Use eic_smear Handbook detector

Add Far Forward ion region
Roman Pot 0.002-0.004 rad +
BO 0.007 - 0.025 rad

Add Low Q2 tagger
0.001-0.008 rad

17
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3 GeV

= 41 GeV

= 5 GeV

100 GeV

Generated Events
Reconstructed 4 particles
With LowQ2 tagger

FF Ion 1is essential for
detection of protons

e- detection to 178.5°
wWith calorimeter 1in
handbook

How realistic ?

Low Q2 tagger can
significantly

Increase yield
18
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